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ABSTRACT

The purpose of this groundwater atlas is to synthesize
a wealth of hydrogeologic data for Red Willow County
that has not been published in readily accessible
formats previously. Many of the maps presented here
are based on geologic information from registered wells
and test holes that is publically available on-line, which
becomes more valuable when compiled, analyzed, and
discussed as a whole.
In Red Willow County, the aquifers are alluvial sand
and gravel in the river and stream valleys and the High
Plains aquifer beneath the uplands. The High Plains
aquifer in Red Willow County consists primarily of
the Ogallala Group (about 14 to 2.58 million years
old), and some younger saturated Quaternary sand
and gravel in places. Elsewhere in Nebraska, the High
Plains aquifer may also include the Brule Formation,
Arikaree Group, Broadwater Formation, and more
saturated Quaternary sand. Thus, even though the High
Plains aquifer is present across most of the county,
groundwater is not as plentiful as in central Nebraska
where the High Plains aquifer includes more geologic
units and is thicker.

such, this publication maps the two aquifers as
one. Groundwater generally moves eastward across
the county, although the Republican River gains
groundwater and influences the groundwater flow
direction in its vicinity. Depth to water varies from
zero to about 200 feet (61 m) in most places, but may
be up to 250 feet (76 m). Saturated thickness ranges
from near zero in some places to slightly more than
120 feet (37 m) along the northern border. The aquifer
probably receives an average of about 0.43 inches
(10.8 mm) of recharge annually, which is about 2%
of precipitation. The water quality is generally good,
although elevated levels of anthropogenic nitrate have
been reported in places.
The relatively shallow groundwater aquifer is the focus
of this publication, but there are also deeper units
that contain fluids such as oil and brine (very salty
water). Red Willow County overlies part of the crest
and western flank of a deeply buried structural feature
called the Cambridge arch. The arch formed in granitic
basement rock about 470 million years ago, and has
been uplifted several times since then. Subaerial erosion

The Ogallala Group
and Quaternary sand
and gravel are mantled
by wind-blown silt
(called loess) across
the entire county,
except in the valleys.
Loess thickness in the
county is generally
about 100 feet (30.5
meters). The loess
can maintain vertical
walls and forms steepwalled gullies and
canyons in dissected
terrain. Some gullies
are also eroded
into the underlying
Ogallala Group.
Cretaceous Pierre
Loess exposed in a road cut northeast of McCook. Photo taken in 2018.
Shale and Niobrara
Formation directly
underlie the Ogallala Group. These Cretaceous bedrock
and runoff on the arch about 320 million years ago
units function as relatively small aquifers elsewhere
produced a localized sandstone unit that is now buried
in Nebraska, but not in Red Willow County because
at a depth of about 3,450 feet (1,052 m). This sandstone
the lithology here is mostly shale and is probably less
unit is the primary pay zone at the Sleepy Hollow oil
weathered than in the areas functioning as aquifers.
field, the most productive oil field in Nebraska. Oil
is also produced from the Lansing and Kansas City
The alluvial and High Plains aquifers in Red Willow
groups, which consist mostly of alternating limestone
County are probably hydrologically connected; as
and shale layers deposited above the sandstone.
The Republican River south of Bartley. Photo taken in 2018.
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INTRODUCTION

Purpose and Scope

Government agencies, private businesses,
and landowners recognize county-scale
hydrogeologic summaries as valuable resources.
The Conservation and Survey Division of the
University of Nebraska (CSD) and the U.S.
Geological Survey have published county-wide
hydrogeologic reports for 32 of the 93 counties in
Nebraska. Most of these reports were produced in
the 1960s and 1970s. However, no such report has
been published previously for Red Willow County.
The primary purpose of this atlas is to assist
professionals and the public in making waterrelated decisions or enhancing their knowledge of
Red Willow County. The Geographic Information
System (GIS) files used to make the figures are
available upon request to CSD.

keep in mind that the maps were made based on
geostatistical calculations of best fit, because in
many cases the values at discrete data points do not
match the generalized value depicted by a contour
line. The variety of information used to make
the maps combined with the inherent variability
of geologic data creates much uncertainty on
the maps, yet recognizable patterns emerge and
provide useful hydrogeologic information that was
previously unavailable.

Geologic logs from registered wells were the
primary sources of geologic data used to develop
most of the maps in this atlas. Test hole logs in the
CSD test hole database were also used, but they
were few in number relative to registered well logs.
Estimation of the land surface elevations are also
an important component of the maps presented
here. These elevations were derived from a digital
elevation model having a 2-meter resolution
(Nebraska Department of Natural Resources, 2009).

The location of the data points and the standard
error on the interpolation are included as subset
maps. Standard error is the standard deviation
divided by the square root of the number of samples.
In this atlas, the standard error is generally higher
(the predicted value is less certain) in areas having
few data points. Standard error has the same units
as the original data. The standard error calculated
for these maps is the error introduced by the
interpolation only. The information depicted on the
maps probably also deviates from actual conditions
due to inaccuracies in well locations, imprecise
land surface elevations, the subjective nature of
recording and interpreting geologic material, and
other factors. These uncertainties can be classified
as measurement errors and are the reason the kriged
surfaces do not match the exact values of the data
points (Paciorek, 2008).

The water level, transmissivity, and bedrock
contour maps in this atlas were made using
ESRI’s geostatistical analysis ordinary kriging
interpolation method (ESRI ArcMap 10.5.1).
Interpolation is a way of estimating values where
no data exist. Almost all of the data used in this
atlas were collected from discrete points (bore
holes). Any information at a point without a bore
hole must be estimated, and therefore, most of the
data presented in the maps are estimates. Kriging
is a geostatistical method that assigns weights to
values at existing data points based on a pattern of
spatial continuity (determined by a semivariogram)
and then estimates a best fit surface. The surface
estimated by kriging does not necessarily pass
through the data points and, because the method
seeks to best fit intermediate values, the high
and low points in the data set will probably be
smoothed out. Users of the GIS files will need to

The subjective nature of recording and interpreting
geologic material has a direct bearing on the
accuracy and precision of the figures presented in
this atlas. The elevation contours on the bedrock
map probably contain significant measurement
errors because of differences in the way people
logged the same sediment or rock type. The brief
geologic descriptions provided on the registered
well logs combined with the sometimes subtle
visual differences between geologic units makes it
difficult or impossible to assign specific geologic
names to the bedrock encountered in registered
wells in Red Willow County, and no attempt was
made to do so in this publication. Delineation of
named bedrock units shown in this publication
was adopted from Burchett (1986). The elevation
contours estimating the top of the Cretaceous
bedrock surface are original to this publication and
are based on bore hole lithologic descriptions.

Methods and Limitations

Red Willow Creek near its confluence with the Republican River. Photo taken in 2018.
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PHYSICAL SETTING

Geographic Setting

The topography of Red Willow County is streamdissected plains punctuated by the Republican River
valley and the valleys of the three largest creeks: Red
Willow Creek, Driftwood Creek, and Beaver Creek
(Fig. 1) (Korus et al., 2013). Total relief in the county
is about 630 feet (192 m). Two Major Land Resource
Areas are represented in the county: Rolling Plains

and Breaks in the eastern part, and Central High
Tableland in the western part (U.S. Department of
Agriculture, 2006). The soil texture is dominantly
silty loam, with some loam, silty clay loam, and very
fine sandy loam; these soils were mostly derived from
loess (U.S. Department of Agriculture, 2015). Land
use is a mixture of cultivated crop and herbaceous
(U.S. Geological Survey, 2011). The average annual

Figure 1. Geographic setting. The Republican River flows across the county from west to east, and occupies a paleovalley incised
into Cretaceous bedrock (delineated by red dashed lines). Driftwood Creek also occupies a paleovalley cut into Cretaceous bedrock;
a third Cretaceous paleovalley east of Red Willow Creek was filled with fine-grained material and abandoned. Loess overlies
bedrock across all of the county except in alluvial valleys. Named creeks are shown, many of which are intermittent.
Valley (center foreground) of an unnamed, intermittent tributary of Red Willow Creek
looking south. Uplands are mantled with Pleistocene loess. Photo taken in 2018.
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precipitation is about 21 inches (533 mm) (U.S.
Department of Agriculture, 2012). Red Willow
County is approximately 720 mi2, with an estimated
2016 population of about 10,700, with about 7,500 of
those people living in the city of McCook (U.S. Census
Bureau, undated).

geologic descriptor. The Pierre Shale has been
completely eroded in parts of Red Willow County, and
in those areas the underlying Niobrara Formation is the
uppermost Cretaceous unit (Fig. 3).

Red Willow Creek, the county namesake, was named
Chanshasha Wakpala by the Dakota tribe. The Native
American name refers to attributes of a type of dogwood
(Cornus amomum) that has red stems and grew in
abundance along the banks of the creek. The word
‘willow’ may have become part of the English name
due to mistranslation from the Native American (Link,
1933). Regardless of name origin, willow trees are not a
prominent feature of either the creek or the county.
The oldest bedrock that crops out in the county is the
Cretaceous Pierre Shale (Fig. 2), although the Niobrara
Formation is also present at relatively shallow depths
in valleys in the eastern half of the county (Fig. 3).
The Pierre Shale reportedly crops out at the land
surface only in two very small areas along the banks
of the Republican River upstream of Driftwood Creek
(Eversoll et al., 1988).
Both the Pierre Shale and the Niobrara Formation were
deposited in a shallow sea called the Western Interior
Seaway. The Western Interior Seaway retreated about
66 million years ago at the end of the Cretaceous Period
when the Rocky Mountains began to uplift. A gap in
the rock record spanning about 58.5 million years in
Nebraska (cf., Boellstroff, 1978; Izett et al., 1998)
separates the Pierre Shale from the Ogallala Group,
during which time Cretaceous
rocks were deformed and eroded
(Swinehart et al., 1985; DeGraw,
1969).
The Pierre Shale is the youngest
of the Cretaceous formations in
the county, and is widespread
across Nebraska. It is typically
described as dark gray to black
shale or chalky shale, although
the weathered surface is often
yellowish and was often called
“ochre” in geologic logs (CSD test
hole database, undated; Nebraska
Department of Natural Resources,
undated a). Ochre is technically a
pigment, not a rock or sediment
type, and as such is an incomplete
6
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The Niobrara Formation generally includes shale,
chalky shale, limestone, and chalk. Most of the geologic
logs in Red Willow County describe only the top
several feet and usually describe it as shale. Common
colors include white, cream, yellow, or olive brown
(CSD test hole database, undated). Like the overlying
Pierre Shale, the Niobrara Formation is sometimes
called “ochre” in well logs when it is yellow.
The White River Group overlies the Pierre Shale across
much of western Nebraska, although it is mostly absent
in Red Willow and surrounding counties. However,
Burchett (1986) and Eversoll et al. (1988) mapped
an outlier of White River Group in the southeastern
corner of Red Willow County, east of Lebanon (Fig.
3). The White River Group is mostly clay and silt with
localized sand layers.
The next highest stratigraphic unit in the county is
the Ogallala Group. Sediments of the Ogallala Group
were primarily deposited by ancient rivers and streams,
the largest of which originated in the mountains of
Wyoming and Colorado (e.g. Swinehart et al., 1985).
There were probably three to four major cut-and-fill
cycles during deposition of Ogallala sediments (Skinner
et al., 1977; Diffendal, 1982); this dynamic depositional
environment produced grain sizes ranging from clay
to gravel. In addition to the varied fluvial sediments,

Cross-bedded sand and gravel of the Ogallala Group.
Photo was taken west of Indianola in 1976.
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Figure 2. Geologic time scale chart. Youngest deposits are shown at the top of the table, oldest at the bottom. The complete
stratigraphic section is shown to provide context, although only Quaternary sediments and rocks belonging to the Ogallala Group
commonly crop out at the land surface. The Pierre Shale may also be visible at the land surface at very limited locations in the
Republican River valley.
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Figure 3. Elevation of top the top of Cretaceous bedrock. Contour lines show topography of the Cretaceous bedrock surface,
which is the base of the aquifer. Hachures in enclosed contour lines indicate depressions. Bedrock units shown are as delineated
by Burchett (1986), and have not been revised to match the geologic cross section shown in figure 5. Red dashed lines indicate
paleovalley axes incised into Cretaceous bedrock, and solid black lines mark the locations of geologic cross sections shown in
figures 5 and 6.

the Ogallala Group also contains volcanic ash layers,
lake deposits, and locally hard horizons of calcareous
or siliceous cement (Diffendal, 1982). Correlating
specific units between outcrops or test holes is difficult
(Eversoll, 1977; Swinehart et al., 1985).
8
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Quaternary sediments mantle the Ogallala and
Cretaceous bedrock across virtually all of the county
(Eversoll et al., 1988). Loess is widespread, present
almost everywhere except in alluvial valleys and on
some terraces (Bradley and Johnson, 1957; Eversoll,

1977). Loess is windblown silt. In the uplands of Red
Willow County, it is generally about 100 feet (30.5
m) thick, with the thickest accumulations north of the
Republican River (Eversoll, 1977). Most of the silt
was probably sourced from Cretaceous and Paleogene
bedrock northwest of Red Willow County, with a
lesser amount coming from the Sand Hills and the
Republican River floodplain (Mason, 2001; Mason et
al., 2003). Loess can hold steep to vertical banks, and
surface water drainage may form canyons and gullies
in it (U.S. Department of Agriculture, 1967). The
Ogallala Group is also dissected in places (Eversoll et
al., 1988). Other Quaternary sediment in the county
chiefly consists of alluvium in the river and stream
valleys and associated terraces.

Drainage

The Republican River is the primary surface water
feature in the county. The only other perennial surface
water features are Red Willow Creek, Beaver Creek,
and Driftwood Creek (Nebraska Department of Natural
Resources, undated b), although the discharge in
Driftwood Creek and Beaver Creek can be very close
to zero at times (U.S. Geological Survey, undated).
Red Willow Creek is dammed just north of Red Willow
County, forming Hugh Butler Lake. Irrigation canals

may also move surface water through the county. The
canals are: Meeker, Meeker Extension, Driftwood,
Driftwood West, Culbertson, Culbertson Extension,
Red Willow, and Bartley; however, the Culbertson
Extension canal has not been used since 2002. Seepage
losses from the canals may affect groundwater
conditions locally (Goeke et al., 1992).
Eversoll (1977) mapped widespread terraces along
the Republican River in Red Willow County. Martin
(1992) recognized both a low terrace approximately
20 to 26 feet (6 to 8 m) above river level, and a high
terrace about 40 to 50 feet (12 to 15 m) above the river
level, although the high terrace was only documented
in Harlan County, about 40 miles east of Red Willow
County. The upper terrace was probably entrenched
between 4,500 and 3,500 years ago, followed by period
of aggradation and stability that lasted until about
1,100 years ago (Martin, 1992). Between 1,100 and
800 years ago, the Republican River (and many others
in the central Great Plains) incised its channel again,
creating the low terrace. This last incision was probably
caused by drought conditions during a time called the
Mediaeval Warm Period (Martin, 1992; Daniels, 2003;
Daniels and Knox, 2005).

The over drain used to convey discharge from intermittent Berger Creek across the Bartley Canal, east of Indianola. Creeks may
also cross canals via under drains. Photo taken in 2018.
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The Cambridge Arch

F

The Cambridge arch is a gentle structural arch that first
formed in granitic basement rock during the Ordovician
Period (Reed, 1954), about 470 million years ago (Fig.
2). The crest of the arch is oriented generally northsouth in eastern Red Willow County near the Furnas
County border, but ultimately bends westward and
aligns with the Chadron arch in northwestern Nebraska
(Fig. 4). The western flank of the arch extends across
western Red Willow County, and the eastern flank
descends across neighboring Furnas County.
The arch developed under a shallow sea (a sea that
predated the Western Interior Seaway), but from the
end of the Mississippian to the Middle Pennsylvanian
periods (about 330 to 315 million years ago) the arch
uplifted in conjunction with plate tectonic activity
around the margins of North America (Rascoe and
Adler 1983; Carlson, 1993; Ye et al., 1996). All of
the previously deposited marine sediment as well as
some of the granitic Precambrian basement rock was
eroded when the arch uplifted (Fig. 2) (Reed, 1954).
Precipitation runoff moved granitic sand from the crest
of the arch to the sea, where longshore drift reworked it
into localized lobate sand bodies that ultimately became
the basal Pennsylvanian sandstone that is the primary
pay zone at the Sleepy Hollow oil field (Rogers, 1977)
(Fig. 2).

After the basal Pennsylvanian sand was deposited, the
arch was again buried under marine sediments during
the Pennsylvanian and Permian periods. The shallow
seaway waxed and waned during this time, and repeated
cycles of limestone and shale/mudrock were deposited,
punctuated with thin sandstone and evaporite units.
The Pennsylvanian-Permian system averages about
2,000 feet (610 m) thick in Red Willow County, but it is
thinner on the crest of the arch than on the flanks. This
system includes the Lansing and Kansas City groups,
which are often oil-bearing in Red Willow County, and
are secondary reservoir units at the Sleepy Hollow field.
General uplift of the arch occurred again during the
Triassic and Jurassic periods (Reed, 1954), although
a relatively thin sequence of Morrison Formation was
deposited during the Jurassic, before the Cretaceous
Interior Seaway inundated the area about 113 million
years ago (Fig. 2). Cretaceous sediments in Red Willow
County vary between about 1,100 and 1,800 feet (335
to 549 m) thick, being thinnest on the crest of the arch.
The Pierre Shale is generally the uppermost Cretaceous
unit in the area, but it has been partially to completely
eroded in the Republican River valley between
Indianola in Red Willow County and Arapahoe in
Furnas County where the river crosses the crest of the
arch (CSD test hole database, undated).

Chadron
Arch

F

! Scottsbluff

N E B R A S K A

F

F

0
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50 mi
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±
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Arch

Sleepy Hollow Field

F
Figure 4. Approximate location of the Cambridge Arch relative to the Sleepy Hollow oil field.
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Beam pumps at the Sleepy Hollow oil field, south of the Republican River between Bartley and Indianola. Photo taken in 2018.

The arch has been uplifted several times since the
Cretaceous, and may still be active (e.g., Reed, 1954;
Stanley and Wayne, 1972; Stix, 1982; Rothe and Lui,
1983), but Cretaceous and Cenozoic sediment conceal
the structure.

Oil Production

Ackman field was the first significant oil field in Red
Willow County. The field was discovered in 1959
using seismic and subsurface reconnaissance (Larson,
1962). Sleepy Hollow was discovered 4 miles
northeast of Ackman the following year. Sleepy Hollow
went on to become the most productive oil field in
Nebraska, although Ackman was also in the top five
most productive as of 1988 (Carlson, 1989). The basal
Pennsylvanian sandstone was the first oil-producing
unit developed at Sleepy Hollow (producing more than
38 million barrels), although zones in the LansingKansas unit were later developed and ultimately
supplied about 20% of the total production (cf., Rogers,
1977; Carlson, 1989). Ackman and most of the other

oil fields in the county produce only from the LansingKansas City unit because the basal sandstone is absent
outside of the Sleepy Hollow area (Larson, 1962). The
average depth of the basal sandstone at Sleepy Hollow
is about 3,450 feet (1,052 m), and the average depth to
the top of the Lansing-Kansas City unit is about 3,100
feet (945 m) (Nebraska Oil and Gas Conservation
Commission, undated).

Bedrock Geology and Topography

Cretaceous Bedrock Geology
The Pierre Shale and Niobrara Formation are the
uppermost bedrock units in the alluvial valleys where
the Ogallala Group has been completely eroded. Sandy
parts of the upper Pierre Shale may yield some water
in the extreme western Nebraska panhandle, and the
Niobrara Formation yields water in parts of eastern
Nebraska, but neither unit is known to serve as a
secondary aquifer in Red Willow County (Divine and
Sibray, 2017).
Physical Setting
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Cretaceous Bedrock Topography
Figure 3 is a structure contour map of the top
of Cretaceous bedrock. These contours can be
conceptualized as the topography of the Cretaceous
surface, but post-depositional deformation and erosion
has reshaped Cretaceous bedrock to some degree
since the end of the Cretaceous. The geometry of the
Cretaceous surface is important because it is the base
of the overlying aquifer (e.g. Johnson et al., 2002). The
standard error for this map varies from about 3 to 16
feet (1 to 5 m), and is highest near the southern border,
where there are relatively few data points.
The most obvious feature of the Cretaceous bedrock
surface (Fig. 3), is the incision of Driftwood Creek and
the Republican River valley (Fig. 1). The Republican
River valley was probably carved in two stages, the first
in the late Neogene or early Quaternary Periods (after
deposition of the Ogallala Group) (Fig. 2), after which
it was probably filled with sediment. This sediment
was eroded during re-excavation in the second phase of
incision during the late Pleistocene Epoch (Goeke et al.,
1992), prior to deposition of the Peoria loess between

27,000 and 17,000 years ago (Muhs et al., 2013). If this
sequence of events is correct, the same west-to-east
drainage line has probably existed there for at least 2
million years.
Another prominent feature of the Cretaceous bedrock
surface is an incised valley east of Red Willow Creek
that had a confluence with the Republican River
valley (Fig. 3). This paleovalley subsequently filled
with fine-grained Ogallala Group sediments and is
not manifested in the topography of the land surface
today. Regarding the current Red Willow Creek, figure
3 suggests that only the mouth of the creek has incised
into Cretaceous bedrock, evidenced by the bend in
the 2,340 foot contour line. This finding differs from
that of Eversoll et al. (1988) and Burchett (1986), who
suggested that Pierre Shale underlies the valley floor
(and has presumably been at least somewhat eroded)
from the mouth of the creek upstream to Hugh Butler
Lake in Frontier County. Test hole drilling in the valley
would be necessary to more accurately map bedrock in
this area.

An exposure of the Ogallala Group southwest of Bartley. The prominent ledge near the middle is silica-cemented sandstone.
Photo taken in 1976.
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Cenozoic Bedrock Geology
The Ogallala Group is the youngest bedrock unit
in Red Willow County. It has been subdivided into
five different formations in Nebraska, but they are
not always easily distinguished from each other
(Swinehart et al., 1985; Diffendal, 1982), and will
not be discussed separately here. Fifty-eight CSD test
holes have been drilled through the Ogallala Group in
Red Willow County. The thickest sequence of Ogallala
Group described from CSD test holes is 240 feet
(73 m), reported from one test hole on the drainage
divide separating the Republican River from Red
Willow Creek and another on the divide between the
Republican River and Beaver Creek (CSD test hole
database, undated).
Lithologic description of the Ogallala Group is
challenging. The sand, silt, and clay of the Ogallala
Group in Red Willow County are often described
as limy (CSD test hole database, undated; Nebraska
Department of Natural Resources, undated a). When
used as a geologic descriptor, “lime” generally
indicates rock weakly cemented by calcium carbonate.
Localized, strongly cemented calcium carbonate
layers called caliche and calcium carbonate nodules
are also common, and are sometimes incorrectly
called limestone. Limestone is typically deposited in
marine environments (although it may form in lakes),
while caliche layers in the Ogallala Group formed in a
terrestrial setting via precipitation from groundwater.

Interpretive Geologic Cross Sections

Geologic cross sections were constructed along two
selected transects to illustrate the hydrogeologic
variability of Red Willow County (Figs. 5 and 6). The
position of the water level shown on the cross sections
was extracted from the map showing groundwater
elevation that will be discussed in the next section. On
figures 5 and 6, the geologic units under the dashed
water level line are more likely to be saturated than
those above the dashed line. Fine-grained Quaternary
material is grouped together and labelled “silt &
clay.” Soil, loess, silt, and clay are all included in
this category and are not subdivided because their
hydrogeologic properties are similar and it is often
difficult to subdivide them based on the information
recorded in registered well logs. Lithology within the
Ogallala Group is also not differentiated because the
heterogeneity of the unit makes subdivision difficult.
For the purposes of the cross sections, the top of the
Ogallala Group was picked where cementation was
noted on well logs and where the Ogallala Group was
stratigraphically identified on CSD test hole logs. The

degree of cementation is variable and subjectively
described on well logs, so the contact between the
Quaternary sediments and the Ogallala Group is less
certain than the Ogallala-Cretaceous contacts shown.
Individual identification numbers and locations of each
well or test hole used to construct the cross sections are
listed in appendices A and B.
The north-south geologic cross section (Fig. 5) starts
in the uplands in north-central Red Willow County at
the border with Frontier County. The profile crosses
intermittent Coon Creek, crosses a buried Cretaceous
bedrock high (slightly west of Indianola), and then
shows the junction of the abandoned paleovalley and
the Republican River valley. CSD test hole 257-41
(labelled bore hole 9 on the cross section) is located
near the inflection point of the Cretaceous surface on
the northern side of the valley. The log for this test
hole shows Quaternary sediments directly overlying
the Niobrara Formation, with no intervening Ogallala
Group. Two registered well logs in the valley and
one CSD test hole on the south side of the valley,
however, indicate the Ogallala Group is present there,
suggesting it has not been entirely eroded out of this
anomalously deep spot in the Republican River valley.
If this interpretation is correct, it is a departure from
the statewide bedrock map (Burchett, 1986) and the
McCook 1° x 2° Quadrangle geologic map (Eversoll et
al., 1988), both of which show complete removal of the
Ogallala Group from the Republican River valley.
After crossing the Republican River valley, the profile
continues across the current topographic divide
between the Republican River and Beaver Creek. This
divide also apparently exists in the Ogallala, but not
the Cretaceous. South of the Republican River, the
Cretaceous surface appears to have two small rises
and a depression before rising somewhat toward the
southern border of the county. Although the Ogallala
Group is fairly thick in the southern half of the
profile, much of it is not saturated, and undulations
in the Cretaceous bedrock surface affect the saturated
thickness of the aquifer.
The west-east geologic cross section (Fig. 6) begins
on the west side of the county in the Republican River
valley at the border with Hitchcock County (Fig. 3).
Here, the Republican River alluvium sits directly on
Pierre Shale. The cross section then crosses the uplands
between the river and Red Willow Creek, where the
Cretaceous bedrock surface generally descends toward
Red Willow Creek and transitions to the Niobrara
Formation. The cross section continues east across an
Physical Setting
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Figure 5. Interpretive geologic cross section A-A’, North-South. The location of this cross section is shown on figure 3. The dashed
horizontal line is an estimated water level elevation and the solid vertical lines represent the locations (Appendix A) of boreholes
and registered well logs. The long-dashed horizontal line represents the contact between the Niobrara Formation and the overlying
Pierre Shale, which is tentative because none of the wells or test holes on the cross sections extend to the contact. Loess, silt, and
clay deposits are not subdivided.
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boreholes and registered well logs. The long-dashed horizontal line represents the contact between the Niobrara Formation and the
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abandoned paleovalley and then along the Republican
River valley. The east-west and north-south cross
sections intersect (Fig. 3) at CSD test hole 257-41,
labelled bore hole 22 on the east-west section (Fig.
6) and bore hole 9 on the north-south section (Fig 5).
At the right-hand (east) side of the cross section in
figure 6, the profile is slightly south of the Republican
River valley, where there is an apparent low spot in the
Cretaceous surface.
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Aquifers

As of February 2018, there were about 1,860 registered
active wells in the county, of which 45% were irrigation,
14% domestic, 12% livestock, 2% commercial, 1%
public supply, and 26% a variety of other uses. The
median reported pumping rate for the irrigation wells is
500 gallons per minute (gpm) (32 L/s) and the average
is 575 gpm (36 L/s) (Nebraska Department of Natural
Resources, undated a). The locations of irrigation,

domestic, and livestock wells are shown on figure 7. The
majority of these wells are located in the Republican
River valley and the uplands to the north. In the valleys
the wells are supplied by alluvial aquifers, and in the
uplands by the High Plains aquifer.
Alluvial aquifers consist of loose sand in river and
stream valleys. In Nebraska generally, the High Plains
aquifer consists of rocks of the Brule Formation
(White River Group), Arikaree Group, Ogallala Group,
Broadwater Formation, and water-bearing sand and
gravel in the overlying Quaternary-aged sediments
(e.g. Korus and Joeckel, 2011). In Red Willow County,

however, saturated Quaternary sand and gravel are
uncommon outside of the alluvial valleys. Additionally,
the Brule, Arikaree, and Broadwater units are absent
from the High Plains aquifer in Red Willow County,
leaving the Ogallala Group as often the only geologic
unit supplying groundwater to wells in the uplands
(Eversoll, 1977; CSD test hole database, undated). The
Ogallala Group extends to all of the valley walls in the
county (Eversoll et al., 1988), and the alluvial aquifers
and the High Plains aquifer are probably in hydrologic
connection with each other. As such, they will be
discussed as one aquifer here.

Figure 7. Active registered wells. The locations of registered domestic, irrigation, and livestock wells are shown, as are the locations
of wells from which hydrograph data are plotted in figure 9.
Physical Setting
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Groundwater Elevation

Groundwater Gradient
The groundwater gradient is fairly consistent across
Red Willow County, as evidenced by roughly equal
spacing of the groundwater contour lines (Fig. 8). The
groundwater elevation is highest in the southwestern
corner of the county at approximately 2,680 feet
(817 m) above mean sea level, and lowest where the
Republican River leaves the eastern side of the county,

at approximately 2,280 feet (695 m) above mean sea
level. The general configuration of the groundwater
elevation shown in figure 8 corresponds fairly well to
other water level maps made for Red Willow County
(Eversoll, 1977; Chen and Yin, 1999).
The groundwater elevation map (Fig. 8) was made
using water level data collected between 1990 and 2016
(excluding summer months) and, therefore, the contours

Figure 8. Groundwater elevation. Groundwater flows from higher elevation to lower elevation, which is generally from west to east
across the county. Contours bend up-stream along the Republican River, indicating that it generally gains groundwater.
Driftwood Creek near its confluence with the Republican River. Photo taken in 2018.
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on this map should be interpreted as approximate
conditions during that time. Most of the data from
wells that were used to make this map have only one
water level available that was measured by the driller
at the time the well was installed. However, some
of the wells are monitoring wells in which the water
levels were repeatedly measured at intervals over a
period of time. In these wells, the average water level
between 1990 and 2016 (excluding summer months)
was used for figure 8. The standard error for this map
varies from about 0.5 to 6 feet (0.15 to 1.8 m), and
is highest near the southern border, where there are
relatively few data points.
Well hydrographs at five locations across the county
are shown in figure 9. These lines show the elevation
of water in these wells, and changes in this water level
over time. Hydrographs are very sensitive to individual

well screen placement, local variations in lithology,
pumping history, and frequency of data collection,
so it is best to examine data from several wells in a
variety of hydrogeologic settings. The elevations of
the hydrographs shown vary from about 2,350 feet to
2,550 feet (716 to 777 m). The highest water elevation
on figure 9 (3N-30W-4) is from a well located on the
western side of the county (Fig. 7) where the water
level is higher relative to the eastern side of the county
(Fig. 8). This well shows a slight decline in the water
level over time, which is consistent with water level
change maps (Young et al., 2018). The hydrograph
from 3N-28W-11, also north of the river, was included
to show seasonal changes in groundwater levels,
which in this well have been up to 35 feet (11 m).
Two of the wells south of the river (2N-26W-31 and
3N-26W-32) show slightly increased water levels over
the monitoring period. The water level in the southern-
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Figure 9. Well hydrographs. Groundwater elevation changes recorded in five wells, all of which have been monitored for more than
30 years. Wells are identified according to the township-range-section in which they are located; these wells are also plotted on
figure 7.
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most well shown (1N-28W-27) varies slightly, but does
not show long-term increase or decrease.
Groundwater-Surface Water Interaction
When water level contours V-upstream or
V-downstream around a river or stream, that
stream may be interpreted as gaining or losing
water, respectively. The contours shown in figure 8
V-upstream along the river, suggesting that the river
gains groundwater, a result that is consistent with a
previous water-budget analysis (Chen and Yin, 1999).

Additionally, the cross sections discussed earlier (Figs.
5 and 6) indicate that the groundwater level is near the
Republican River bed, suggesting the river could be
connected to groundwater, depending on the hydraulic
conductivity of the river bed sediments.

Depth to Water

The depth to water map (Fig. 10) was made by
subtracting the groundwater elevation (Fig. 8) from the
digital elevation model of the land surface resampled to

Figure 10. Depth to water. Groundwater is generally deepest below the topographic ridge that separates the Republican River and
Beaver Creek watersheds. Named creeks are shown, many of which are intermittent.
Hydrogeologic Maps
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100-meter grid size. The depth to water map (Fig. 10)
reflects surface topography nearly everywhere in the
county, indicating that groundwater is generally shallow
in stream valleys and deeper under hill tops, as is to be
expected. Depth to water in Red Willow County varies
from zero to about 200 feet (61 m) in most places, but
may be up to 250 feet (76 m) at the highest points of
the ridge separating the Republican River from Beaver
Creek and in the uplands between the Republican River
and Red Willow Creek.

Saturated Thickness

The saturated thickness map (Fig. 11) was made by
subtracting the Cretaceous bedrock elevation (Fig. 3)
from the groundwater elevation map (Fig. 8). Figure
11 indicates that saturated thickness of Quaternary
and Cenozoic material ranges from near zero to
slightly more than 120 feet (37 m) along the northern
border. Places where there is little saturated thickness
in the Quaternary and Cenozoic sediments generally
correlate to areas of Cretaceous bedrock highs (Figs.

Figure 11. Saturated thickness. Closed contours with hachures indicate areas where the saturated thickness is less than the value
of the contour line. Closed contours without hachures indicate areas where the saturated thickness is greater than the value of the
contour line.
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The Republican River at McCook under the Highway 83 bridge looking downstream to the east. Photo taken in 2018.

5 and 6). Both fine- and coarse-grained materials are
included in the saturated thickness calculation, and
the abandoned paleovalley that was filled with finegrained material appears to have greater saturated
thickness than surrounding areas even though it does
not supply greater amounts of groundwater. Other
areas of increased thickness correspond to low areas
in the Cretaceous bedrock surface, while the thin areas
correlate to Cretaceous bedrock highs (Fig. 3). The
error on this map is a combination of the errors and
limitations associated with the groundwater elevation
and the elevation of bedrock maps.

Transmissivity

Transmissivity is a measure of how much water can
be transmitted through a given volume of aquifer. It is
calculated by multiplying the hydraulic conductivity

of the aquifer by saturated thickness. For the purposes
of this map, hydraulic conductivity was estimated
based on lithologic descriptions recorded for bore
hole logs that fully penetrate the aquifer, following
the method initially described by Piskin (1971) and
subsequently modified and used in CSD transmissivity
maps (Summerside et al., 2005). Wells installed in
high transmissivity areas have higher potential yields
than wells installed in lower transmissivity areas. For
example, a transmissivity value of 50,000 gallons per
day per foot (gpd/ft) (621 m2/d) might yield 500 to 700
gpm (32 to 44 L/s) in large diameter wells, while a
transmissivity of 5,000 gpd/ft (62 m2/d) might produce
about 20 gpm (1.3 L/s) in a domestic well (Souders,
1967). Most modern houses require a minimum of
approximately 5 gpm (0.3 L/s).
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Figure 12 shows the transmissivity of the Quaternary
and Cenozoic aquifer in Red Willow County. The
highest transmissivity is about 100,000 gpd/ft (1,242
m2/d) in limited areas in the Republican River valley.
A consistent band of low transmissivity that is 20,000

gpd/ft (248 m2/d) or less appears across the southcentral part of the county, and may correspond to a
poorly-defined Cretaceous bedrock ridge. However, the
standard error on this part of the map is around 30,000
gpd/ft (373 m2/d), which is greater than the contour

Figure 12. Transmissivity. Closed contours with hachures indicate areas where the saturated thickness is less than the value of the
contour line. Closed contours without hachures indicate areas where the saturated thickness is greater than the value of the contour
line. Red dashed lines indicate paleovalleys that formed in rocks belonging to the Ogallala Group. The eastern-most paleovalley is
currently occupied by Red Willow Creek. The western paleovalleys were filled with relatively coarse sediments and abandoned; they
are not currently visible at the land surface. The paleovalleys shown in this figure are not represented on the bedrock map shown in
figure 3 because they are higher than the paleovalleys incised into Cretaceous bedrock.
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value. Thus, the identification of this low-transmissivity
area is made tentatively.
Transmissivity values greater than 50,000 gpd/ft (621
m2/d) characterize much of the northwestern corner
of the county. This area includes Red Willow Creek
alluvium, but also two possible paleovalleys that do
not appear on the Cretaceous bedrock surface. These
paleovalleys probably incised into the Ogallala Group,
but not through it, and were subsequently abandoned
and buried by Quaternary deposits.

Groundwater recharge is also estimated in the
Republican River Compact Administration (RRCA)
model, which is a tool that Colorado, Nebraska, and
Kansas use to jointly manage water in the Republican
River basin (Nebraska Department of Natural
Resources, undated c). This model estimates recharge
values that appear to be generally consistent with the
satellite-derived values and confirms that precipitation
is the primary source of recharge.

There are also two limited areas south of
the Republican River where transmissivity
is greater than 50,000 gpd/ft (621 m2/d).
The biggest of these two areas is where the
Cretaceous bedrock becomes relatively flat
between Indianola and Danbury (Fig. 3).
The well logs here indicate an increased
thickness of gravel at the bottom of the
Ogallala Group. The second area of slightly
higher transmissivity in the southern half
of the county corresponds to other low
spots on the Cretaceous surface. This area
is in the vicinity of Beaver Creek, but the
transmissivity pattern does not appear to
align with the modern creek. It is possible
that a poorly-defined paleovalley is affecting
transmissivity values here, but more data
would be necessary to further delineate the
area.

Recharge

Water enters aquifers through a process
called recharge. Directly measuring recharge
is very difficult because it occurs through
various mechanisms and at various scales
in space and time, so scientists estimate
recharge using different methods (e.g.
deVries and Simmers, 2002). A statewide
recharge map based on satellite data
indicates that the net groundwater recharge
ranges from 2.9 to -3.9 inches (73.6 to
-99.5 mm) annually in Red Willow County,
with a spatial mean of 0.43 inches (10.8
mm) (Szilagyi and Jozsa, 2013). The
negative value indicates that more water
evapotranspires than recharges primarily in
the Republican River valley and localized
areas north of the river (Szilagyi and Jozsa,
2013). The spatial mean corresponds to about An outcrop showing loess overlying sediments of the Ogallala Group. The
white material in the middle is caliche, a hard deposit of calcium carbonate
2% of precipitation, which is probably the
primary source of recharge (Eversoll, 1977). that forms when shallow groundwater evaporates. Photo taken in 1976.
Hydrogeologic Maps
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WATER QUALITY

Water chemistry types are assigned based on the
relative amounts of ions dissolved in the water (Black,
1966). In Red Willow County, the water is calciummagnesium bicarbonate type (Fig. 13). The eleven
points shown on figure 13 represent average ion
concentrations in eleven wells, each of which were
sampled by the U.S. Geological Survey four different
times (twice in 1994, once in 1995, and once in 2002)
(U. S. Geological Survey, undated). These results
suggest that the natural water chemistry is generally
good, in part because none of the points plot in the
sodium, chloride, or sulfate apexes. Bradley and
Johnson reported similar chemistry in 1957, which is
expected because natural water quality is primarily
dependent on proximity to recharge areas and the
mineralogy of the aquifer, neither of which generally
change significantly over human timescales (Black,
1966).

map indicate that nitrate is below the recommended
maximum contaminant level of 10 milligrams per
liter (mg/L) in 36 of the 52 samples shown, with
most of the samples collected north of the Republican
River (Quality-Assessed Agrichemical Contaminant
Database, undated).
The City of Indianola’s public supply wells were
previously close to the Republican River to avoid
elevated nitrate, however the water pumped from
the wells was classified by the U.S. Environmental
Protection Agency as “Ground Water Under the Direct
Influence of Surface Water,” which has increased risk of
microbial contamination such as Giardia and E. coli. The
city wells also failed to meet the drinking water standards
for uranium and arsenic when those standards were
lowered to 0.03 mg/L and 0.01 mg/L in 2003 and 2006,
respectively (U.S. Environmental Protection Agency,
2012; Indianola, undated). The public supply wells for
Bartley and Cambridge (in Furnas County) were in a
similar situation, and in 2005 the cities were awarded 6
million dollars from the U.S. Department of Agriculture
to develop a new water system called the B.I.C. Joint
Water Agency (Indianola, undated). The new wells are
located north of Bartley near the county line where the
transmissivity is around 60,000 gpd/ft (745 m2/d) (Fig.
12).

Figure 13. Piper diagram depicting water chemistry
for wells in Red Willow County. Proportions of
positively charged cations and negatively charged
anions are plotted separately on the triangles, with
the overall major ion chemistry shown in the central
diamond. Data are from the U.S. Geological Survey
National Water Information System (undated).
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Figure 14. Nitrate detections in wells. The recommended maximum contaminant level for nitrate in drinking water is 10 milligrams per
liter (mg/L).
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A center pivot. Red Willow County is in the Middle Republican Natural Resources District, which allocates
60 inches of groundwater per acre over a 5-year period. Photo taken in 2018.

Valley (center foreground) of an unnamed intermittent tributary of the Republican River looking north. Photo taken in 2018.
Water Quality
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SUMMARY

Groundwater in Red Willow County is pumped
from alluvial aquifers in the river and stream
valleys and the High Plains aquifer in the uplands.
The Republican River valley contains the largest
alluvial aquifer in the county, although the
alluvium in Driftwood Creek, Red Willow Creek,
and Beaver Creek also supplies groundwater to
wells. The alluvium is hydrologically connected to
the High Plains aquifer, and the alluvial and High
Plains aquifers are mapped as one aquifer in this
report. The water quality in the aquifer is generally
good, and the flow direction across the county is
generally west to east, with local gradients toward
the Republican River and Driftwood Creek.
The valleys of the Republican River, Driftwood
Creek, and an abandoned paleovalley east of the
modern Red Willow Creek, have all been incised
into Cretaceous bedrock. The Republican River
has probably occupied its current valley for at
least 2 million years, although the tributaries may
have changed location over time. The abandoned
paleovalley east of Red Willow Creek is the
clearest evidence of a previous drainage system,
but there also appear to be abandoned drainages
cut into the Ogallala Group north of McCook.
The paleovalley east of Red Willow Creek was
filled with silt and does not yield more water
than surrounding areas, even though it does have
greater saturated thickness. The paleovalleys in the
Ogallala Group north of McCook are not as deep,

but they contain increased thickness of sand and
gravel, and thus have higher transmissivity than the
surrounding areas.
Transmissivity in Red Willow County is highest in
the Republican River valley, up to 100,000 gallons
per day per foot of drawdown (gpd/ft) (1,242
m2/d) in places. The northern part of Red Willow
Creek reaches a maximum of about 90,000 gpd/
ft (1,118 m2/d), and the two paleovalleys north of
McCook have maximums of about 70,000 gpd/ft
(870 m2/d). A few other areas around the county
exceed 50,000 gpd/ft (621 m2/d). These areas
appear to generally coincide with relatively flat or
low areas in the Cretaceous bedrock surface, but no
pattern or reason explaining the deposition of more
transmissive sediments is evident at this time.
The saturated thickness of the aquifer varies
from nearly zero to about 120 feet (37 m).
The groundwater elevation is highest in the
southwestern corner of the county at approximately
2,680 feet (817 m) above mean sea level, and
lowest at about 2,280 feet (695 m) where the
Republican River leaves the eastern side of the
county. Seasonal changes in the groundwater
elevation may occur, but long-term changes
in groundwater levels for the last 40 years are
generally slight, and may be either up or down,
depending on location.

Loess on the north side of the Republican River near Bartley. Photo taken in 2018.
An outcrop of cross-bedded sandstone of the Ogallala Group
in the southwestern part of the county. Photo taken in 1976.
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APPENDICES
Appendix A. Bore hole locations for north-south cross section
Number Well ID
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

34

67941
140430
54926
40711
214401
231089
264-41
84876
257-41
81879
63038
265-41
122964
179670
50336
51779
51676
187644
244532
245850
222-41
223-41
234375

Appendix A

Township
(North)
Registered
5
Registered
5
Registered
4
Registered
4
Registered
4
Registered
4
CSD Test hole
4
Registered
3
Registered
3
Registered
3
Registered
3
CSD Test hole
3
Registered
3
Registered
3
Registered
3
Registered
2
Registered
2
Registered
2
1
Registered
Registered
1
CSD Test hole
1
CSD Test hole
1
Registered
1
Type

Range
(East)
27
27
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28

Section
31
31
12
13
24
25
36
1
12
13
13
23
26
35
36
1
14

26
1
11
23
26
36

Longitude

Latitude

-100.43736
-100.43553
-100.43389
-100.43617
-100.43015
-100.42668
-100.43407
-100.43590
-100.43955
-100.43964
-100.43810
-100.44188
-100.44502
-100.44139
-100.43994
-100.43930
-100.44309
-100.43994
-100.43044
-100.44313
-100.43999
-100.43979
-100.43407

40.36352
40.35129
40.33459
40.32063
40.30201
40.28166
40.26377
40.25331
40.23488
40.22913
40.22183
40.21067
40.20003
40.19067
40.18435
40.16941
40.14394
40.11447
40.08925
40.06069
40.03681
40.02755
40.01009

Appendix B. Bore hole locations for west-east cross section
Number

Well ID

Type

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

243245
144319
48972
83369
243489
89839
82109
77127
109161
41486
52132
45016
97653
116786
133131
81107
62295
267-41
211121
115354
238347

Registered
Registered
Registered
Registered
Registered
Registered
Registered
Registered
Registered
Registered
Registered
Registered
Registered
Registered
Registered
Registered
Registered
CSD Test hole
Registered
Registered
Registered
CSD Test hole
Registered
CSD Test hole
Registered
Registered
Registered
Registered
Registered
CSD Test hole
Registered
Registered
Registered
Registered
Registered
Registered
CSD Test hole
CSD Test hole
Registered
Registered
Registered
Registered

257-41

168331

259-41

174854
163208
129387
82309
32279

255-41

188291
32510
24650
53110
37238
209845

245-41
240-41

143965
125151
51974
191641

Township
(North)
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

Range
(West)
31
30
30
30
30
30
30
30
29
29
29
29
29
29
29
29
29
28
28
28
28
28
28
27
27
27
27
27
27
27
27
27
27
27
26
26
26
26
26
26
25
25

Section Longitude
13
18
18
17
16
14
14
13
18
17
17
16
16
15
14
13
13
17
9
10
10
12
13
18
18
17
16
16
15
10
14
14
12
12
7
18
7
8
10
12
18
7

-100.77823
-100.75824
-100.75171
-100.73681
-100.71889
-100.68431
-100.68039
-100.65722
-100.64860
-100.62922
-100.61578
-100.60833
-100.59446
-100.58875
-100.56289
-100.54935
-100.53521
-100.50553
-100.47895
-100.47003
-100.46104
-100.43944
-100.43539
-100.41712
-100.40423
-100.39269
-100.38027
-100.36773
-100.36183
-100.35016
-100.33597
-100.32759
-100.32241
-100.31322
-100.30806
-100.30130
-100.28999
-100.27072
-100.24024
-100.20892
-100.19307
-100.18237

Latitude
40.23005
40.22890
40.22845
40.22885
40.23146
40.22816
40.22921
40.23064
40.23049
40.22956
40.23140
40.22895
40.23018
40.23099
40.23118
40.23064
40.23040
40.23205
40.23575
40.23649
40.23646
40.23500
40.23370
40.23198
40.23660
40.23199
40.23125
40.22952
40.23035
40.23421
40.23356
40.23316
40.23356
40.23453
40.23409
40.23271
40.23363
40.23587
40.23742
40.24022
40.23368
40.23394
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